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SUMMARY

Retention of a well-learned spatial task was assessed in rats 10

minutes prior to, and 10, 20, 30, 40 and 50 minutes after treatment

with 3, 10 or 30 mg/kg, iv, atropine sulfate or the equivalent volume

of saline, iv. There was a variable dose effect for escape latency and

choice accuracy measures of spatial retention. A relatively large dose

of atropine sulfate (30 mg/kg, iv) significantly impaired choice

accuracy and escape latency compared with the control group. Moreover,

impairment in choice accuracy was observed with smaller doses of

atropine sulfate (3, 10 mg/kg, iv) than have previously been shown to

disrupt spatial retention.
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INTRODUCTION

There is strong evidence that the hippocampus constructs and stores
cognitive maps of spatial relationships (O'Keefe and Nadel, 1978;

Cliton, 1978; Olton, Becker and Handelmann, 1979; Sutherland, Whishaw
and Kolb, 1982; Ellen and Wages, 1984; Ellen and Weston, 1983). In

addition, numerous studies indicate that the septo-hippocampal pathway

is cholinergic (Chippendale, Cotman, Kozar and Lynch, 1974; Lewis and
Shute, 1967; Herink, Baigar and Patocka, 1975; Fibiger, 1982; Johnson,

McKinney, & Coyle, 1979; Lehman, Nagy, Atmadja, & Fibiger, 1980).

Comparable evidence points to the pronounced similarities between

impairments in spatial performance produced by cholinergic antagonists

and those of hippocampal lesions (O'Keefe and Nadel, 1978). O'Keffe

and Nadel (1978) suggest that the septo-hippocampal system plays a

central role in synchronizing and controlling phase relations of

various hippocampal neuronal fields involved in the formation and

utilization of spatial maps during "navigation." Disruption of
cholinergic synapses in this area produces an inability to utilize

spatial mapping strategies to process spatial information.

One type of spatial performance, known as place navigation,
requires a rat to learn the location of a spatially fixed platform

hidden in a water maze. Accurate navigation is rewarded by escape from
the water onto the platform. Most studies to date, have investigated

the effects of anticholinergic agents, specifically atropine sulfate,

on the acquisition of a spatial task. Sutherland, Whishaw & Regehr

(1982) reported that atropine sulfate (50 mg/kg, ip), impaired the
acquisition of a place navigation task compared to atropine
methylnitrate. Atropine methylnitrate was used as a periperal control

since it does not readily penetrate the brain (Albanus, Hammarstrom,

Sundwall, ard Ulberg, 1968). Despite the impairment, however, the
atropine sulfate treated rats improved their spatial performance

throughout the experiment. Sutherland et al., (1982) further reported

that the atropine sulfate treatments did not impair motor activities. .

such as swim speed and pattern, involved in the assessment of spatial

performance. Hagan, Tweedie and Morris (1986) showed that atropine

sulfate (50 mg/kg, ip), administered to rats 30 minutes prior tc
training, impaired learning of both spatial and nonspatial

discrimination tasis, compared to groups treated with saline or
atropine methylnitrate (50 mg/kg, ip). In the same study, atropine

sulfate (50 mg/kg, ip) also impaired spatial discrimination accuracy
(but not escape latency), in rats previously trained to asymptote under

drug-free conditions. Hagan et al., (1986) concluded that these
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impairments were neither due to peripheral drug effect, since there

were no significant differences in the spatial performance of saline

and atropine methylnitrate treated animals, nor to gross sensorimotor

impairments.

Large doses of atropine sulfate (50-100 mg/kg,), administered by

intraperitoneal injection, have typically been used to block central

cholinergic function and impair spatial performance (Whishaw, 1985;

Hagan, Tweedie and Morris, 1986; Ellen, Taylor and Wages, 1986;

Sutherland, Whishaw and Regehr, 1982; Whishaw and Tomie, 1987). This

dose range is typically selected because it alters forebrain I
acetylcholine release (Dudar, Whishaw and Szerb, 1979), forebrain

electroencephalographic activity (Vanderwolf, 1975) and produces

virtually complete occupation of muscarinic binding sites in the rat

brain (Yamamura, Kuhar and Snyder, 1974). In a recent study, however,

we reported the differential sensitivity of two measures of spatial

retention, choice accuracy and escape latency, to equal doses of

atropine sulfate (30 mg/kg) administered by intravenous (iv),

intraperitoneal (ip) and subcutaneous (sc) injection (Rauch et al.,

Note 1). The iv and ip atropine sulfate treatments produced a

significant impairment in choice accuracy while only iv atropine

sulfate resulted in a significant impairment in escape latency.

Treatment with atropine sulfate sc never produced significant

impairments in spatial retention when compared to the control group.

The differences among iv, sc and ip treatments most likely reflect

patterns of absorption, distribution and biotransformation for each

site of injection.

Aropine sulfate (50-75 mg/kg, ip) in large doses has also been

reported to elicit atropine stereotypy which prevents the animal from

using more adaptive behaviors to escape from a partial enclosure

(Schallert, De Ryck and Teitelbaum, 1980). Schallert et al., (1980)

reported that in atropinized animals "behavioral traps" are reflexive

reactions to one stimulus which leads it to encounter another, the
reaction to which leads it to reencounter the first. We recently found

that three out of six animals treated with iv atropine sulfate (30

mg/kg) and two of six treated with ip atropine sulfate (30 mg/kg)

exhibited atropine stereotypy when tested on a spatial retention taskL-

(Rauch, Welch and Gallego, Note 1). There were no observations of

stereotypy, however, among rats treated with the same dose of atropine e

(30 mg/kg) by sc injection. We attributed the incidence of stereotypy

to differences in patterns of absorption, distribution and

biotransformation among iv, ip and sc atropine sulfate treatments.
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With the exception of Hagen et al., (1986) and Rauch et al., (Note

1), no studies have investigated the effects of central cholinergic

blockade, with atropine sulfate, on the retention of a spatial task.

Moreover, ability to retain spatial information when a wide range of

atropine sulfate doses are administered has not been investigated. We

therefore sought to determine if the retention of a well-learned

spatial task would be differentially sensitive to a broad dose range of

atropine sulfate.

MATERIALS AND METHODS

Subjects. Forty eight experimentally naive adult male Charles River CD

strain rats, aged 140 days (300-500g) at the time of testing served as

subjects. All rats were housed individually in hanging wire mesh cages

with ad-lib access to food and water. Behavioral testing was conducted

between 0900 and 1500 hours.

Apparatus. The maze used for behavioral testing consisted of a central

runway with three transverse arms (see Figure 1). The central runway

was 300 cm in length and trisected with transverse arms 105 cm in

length. The mid-line of each transverse arm was equally spaced along

the central runway 75 cm apart. Hence, the mid-line of each transverse

arm was located at 75 cm, 150 cm and 225 cm along the length of the

central runway. The first 30 cm at each end of the central runway

served as a start alley. The width of the runway and each transverse

arm was 21 cm and the height was 70 cm. The maze was placed in a large

rectangular animal watering tank 325 cm in length and 150 cm in width.

The interior of the tank and all sides of the maze were flat white.

Prior to testing, the maze was filled to a depth of 37 cm with water

(26 + I- C) and rendered opaque by adding 1 kg of dried powdered milk.

A square escape platform, 10 cm by 10 cm, was constructed of white

plastic and weighted at the base. The escape platform was placed at

the A or B position (see Figure 1) of the middle transverse arm 4 cm

below water level. After each day of testing the tank was drained and

cleaned. The maze was illuminated by overhead lights and the testing

room contained numerous extramaze cues such as a laboratory table, sirt"-

and chair.

Spatial Learning Procedure. Prior to the first week of training the

animals were handled each day for approximately three minutes. One day

before training each animal was placed in the open water tank with no

escape platform and allowed to swim for 90 s. The animals were then
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returned to their home cages. On the two training days animals were

trained in a fixed order, ten trials in the morning and ten trials in
the afternoon for two days. For each animal, across trials, the

position of the start alley was randomized but the submerged escape

platform was always fixed at the same end of the middle transverse arm.

However, the position of the escape platform was randomized across

animals. A trial started with the rat held facing away from the center

of the tank, immersed in water, and at the end of the start alley.

Each animal was allowea 120 s to escape onto the platform. If the

animal failed to escape within this time it was guided to the platform.

Whether or not the animal had escaped or been guided to the platform,

it remained there for 15 s before being removed and placed in the home

cage for a 10 min intertrial interval. On each trial first choice

accuracy (platform always correct) and escape latency were recorded. A

choice error was recorded when the animal's head entered a non-platform

arm.

Atropine Administration and Spatial Retention Procedure. On drug days PM

each animal was randomly assigned to one of four groups: 3, 10 or 30

mg/kg atropine sulfate (Sigma Chemical Co., St. Louis, KO) dissolved in

0.2 ml of sterile saline or 0.2 ml of sterile saline used as the

control. A 30 mg/kg, iv dose was chosen since we found this dose (iv)

to disrupt first choice accuracy and escape latency measures of spatial

retention (Rauch et a!., Note 1). Ten mi.nutes prior to injection with

atropine sulfate or saline, each animal was tested for one trial on

their retention of the spatial task, then injected and returned to

their home cage. All injections were made iv into a lateral tail vein.

Animals were tested over five trials at 10, 20, 30, 40, and 50 minutes

post injection. Hence, spatial retention was assessed over six trials,

one immediately prior to injection, and +ive trials at ten minute

intervals after injection.

RESULTS

The analysis was performed on the number of animals making a

correct first choice (choice accuracy) and on escape latency. All

animals rapidly learned to swim to the hidden escape platform prior to

treatment with atropine sulfate. Over 40 trials the mean escape

latency declined from 68 to 5 seconds. In addition, 92M of the animalEc

made a correct first choice to the escape platform over trials 35 to
40. There was a significant effect of trials on choice accuracy, F

(39,1716) = 22.44, p < .001 and on escape latency, F (39,1716) = 29.84,
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P < .001. Neither the dose effect (F < 1) nor the dose X trials
interaction (F < 1) was significant. These data are summarized in

Figure 2 and show that performance increased up to 25 trials and

approached asymptote the last ten trials.

Treatment with atropine sulfate produced significant impairments

in both measures of spatial retention. The effects of different doses

of atropine sulfate on escape latency over six trials are shown in

Figure 3. There was a significant main effect for dose, F (3c44) =

4.28, p < .01, and a significant dose X trials interaction, F (15,220)

= 1.78, p < .05, on escape latency. There was no significant main

effect of trials. Post hoc Tukey (p < .05) comparisions of group means

for each trial revealed a significant impairment in escape latency for

the 30 mg/kg atropine sulfate dose compared with saline at 10 and 20
minutes post injection.

The overall accuracy of performance is shown in Figure 3, where
the number of correct 1st choices are plotted for different doses of .

atropine sulfate over six trials. There was a significant main effect

of dose, F (3,44) = 4.15, p a .02, and trials, F (5,220) = 10.30, p <

.001, on choice accuracy. Moreover, there was a significant dose X

trials interaction, F (15,220) = 2.08, p < .02. Post hoc comparisons

of group means for each level of dose and trial revealed that saline

treated animals made significantly more correct 1st choices compared to

arimals treated with 30 and 10 mg/kg atropine sulfate at 20 minutes

post injection. Saline treated animals also made significantly more

correct 1st choices than the 3, 10 and 30 mg/kg atropine sulfate

treated animals, at the 30 minute trial. Post hoc comparisons of group

means for different levels of dose over six trials revealed

significantly poorer choice accuracy for the 30 mg/kg group at 10, 20,

30 and 40 minutes post injection compared with the pre injection trial.
However, choice accuracy for the 30 mg/kg group at SO minutes post

injection was significantly greater than the 10 and 20 minute post

injection trials. Choice accuracy for the 3 mg/kg group was

significantly poorer at 10, 20 and 30 minutes post injection when

compared to the pre injection trial, while for the 10 mg/kg group

choice accuracy was significantly poorer at 20 minutes post injection

when compared to the pre injection trial.

DISCUSSION

This study demonstrates that a broad dose range of atropine

sulfate disrupts the retention of a well-learned spatial task. The

present data support our findings (Rauch et al., Note 1) and those of



. IN * I- - I;T LI

Hagen et al. (1986), that a relatively large dose of atropine sulfate

(30 mg/kg, iv and 50 mg/kg, ip, respectively) impairs choice accuracy

in a spatial retention task. The present results also show that escape

latency for the 30 mg/kg, iv, atropine sulfate treated rats was

significantly impaired. A significant disruption in choice accuracy

was achieved with smaller doses of atropine sulfate (3, 10 mg/kg, iv)

than have previously been found to impair that measure of spatial

retention. Since the behavioral effects of atropine sulfate were

demonstrated on a different spatial task than the Morris water maze

(Morris, 1981), the present results extend the range of behavioral

tasks that demonstrate the role of central cholinergic mechanisms in

reference memory and place navigation.

The choice accuracy measurement proved to be an extremly sensitive

measure of spatial performance. Pretreatment with the lowest dose of

atropine sulfate (3 mg/kg, iv) and the intermediate (10 mg/kg, iv) dose

reduced the number of animals making a correct first choice to

approximately 45% of the control (i.e., saline) value at 30 minutes

post injection. Moreover, the maximal dose of atropine sulfate reduced

choice accuracy to 27 of the control level (see Figure 3). The

impairment reported for the 3 mg/kg group suggests that minimal

cholinergic blockade is required to disrupt choice accuracy. Hagen et

al., (1986) showed impaired choice accuracy in spatial retention in

rats administered a 50 mg/kg, ip dose. The present data also indicate

over a four-fold increase in the escape latency of the 30 mg/kg group

over control values at 10 and 20 minutes post injection (see Figure 3).

The initial impairment and subsequent improvement in choice accuracy

for the 30 mg/kg, iv, atropine sulfate group across trials may be the

result of re-learning the place response. Whishaw (1985) reported that

atropine sulfate treated rats can acquire a place response, but at a

significantly slower rate than controls. Our results from a recent

study (Rauch et al., Note 1) show that atropinized rats improve their

choice accuracy over subsequent trials at 10, 20, 30, 40 and 50 minutes

after injection.
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